Background:
The non-invasive diagnostic approach for early detection of endometrial cancer (EC) remains limited. To date, human epididymis protein 4 (HE4) has been intensively studied but its diagnostic is controversial in EC. DJ-1 is an oncoprotein secreted by cancer cells, recently identified as a potential diagnostic biomarker for breast cancer, melanoma, and pancreatic cancer. The aim of this study was to compare the diagnostic performances of DJ-1 and HE4 measured in EC patients and healthy controls (HC).
Methods:
Forty-five patients (63.9±12.0 years) with EC and 29 (63.2±13.3 years) HC were enrolled. Serum concentrations of DJ-1 and HE4 were measured using ELISA kits developed by R&D (Minneapolis, USA) and Fujirebio Diagnostic (Malvern, PA, USA), respectively. Differences between EC patients and HC were assessed by MannWhitney test and associations were tested by Spearman's correlation. The diagnostic performance was assessed using receiver operating characteristics (ROC) curves analysis.
Results: Serum DJ-1 concentrations were found to be higher in EC patients than in HC (9533.6 vs 1988.5 pg/mL; P<.0001). The area under the ROC curve (ROC-AUC) was 0.95 (P<.0001). At the cut-off of 3654 pg/mL, the sensitivity and specificity were 0.89 and 0.90, respectively. HE4 serum levels were higher in EC patients than in HC (75.3 vs 56.2 pmol/L; P=.019), with an AUC of 0.66 (P=.020). The AUC obtained by the combination of the two markers resulted 0.96 (P<.0001).
Conclusion:
These results suggest that increased serum DJ-1 levels are associated with EC and that this biomarker may be potentially useful for diagnosing EC.
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Despite several biomarkers have been studied and were found to be associated with both clinical characteristics and prognosis of EC, 5, 6 none of these has been implemented in clinical practice so far. 16 Moreover, over-expression of DJ-1 has been found in many cancer types including oral carcinoma and breast cancer. 17, 18 A previous study also found a role of DJ-1 as oncogene, by modulating PTEN and thus promoting cell survival. 19 In accordance with this finding, Shu et al. 20 showed that DJ-1 expression in EC tissues was higher than in normal endometrial tissue and that DJ-1 tissue levels were associated with cancer progression.
Therefore, the aim of this study was to investigate the serum concentration of both DJ-1 in EC patients in comparison to healthy controls (HCs) and for defining its diagnostic performances in EC patients compared to HE4.
| MATERIALS AND METHODS

| Patients and samples
The study population consisted of 45 women (mean age, 63.9± 
| Laboratory methods
Blood samples were collected prior to any therapeutic procedure (i.e., surgery, chemotherapy or radiotherapy), the morning before surgery on patients who had fasted overnight and rested for 20 min.
Blood was drawn in vacuum tubes containing no additives (BectonDickinson, Oxford, UK). After centrifugation at 1500 g for 10 min at room temperature, serum was separated, stored in aliquots and kept frozen at −80°C until measurement.
DJ-1 serum levels were measured using Human Park7/DJ-1
DuoSet ELISA (R&D Systems, Inc., Minneapolis, MN, USA), according to manufacturer's instructions. The limit of detection of this method is 6.25 pg/mL, as quoted by the manufacturer. Standard curves were generated by a four parameter logistic (4-PL) curve-fit analyses to determine concentrations of the unknown samples.
The serum concentrations of HE4 were determined using an EIA 
| Statistical analysis
The results of measurement were reported as median and range.
Tumor marker concentration was compared between groups using the Mann-Whitney test. The correlation between variables was assessed with Spearman's correlation coefficient (r). The level of statistical significance was set at P<.05. The diagnostic performance for both HE4
and DJ-1 was calculated by means of receiver operator characteristic (ROC) curves. Statistical analyses were performed with GraphPad Prism 5.0 (GraphPad Software, Inc., San Diego, CA, USA).
| RESULTS
The median serum concentration of DJ-1 and HE4 was found to be 
| DISCUSSION
The worldwide incidence of EC is rapidly increasing, and this malignancy now represents the fourth most common cancer in women in developed countries.
1,22
The vast majority of EC patients present with signs or symptoms that allow a diagnosis in the early stages, so displaying an excellent prognosis (5-year overall survival between 75%-90%). 23, 24 Despite the high frequency, no effective screening has been developed for this type of cancer so far, and no sensitive or specific biochemical markers were proven to be really clinically useful in early diagnosis or monitoring of EC.
Many studies and meta-analysis have focused on evaluating the clinical significance of HE4 in EC in the past decade. 15, [25] [26] [27] [28] According to published data, serum HE4 is seemingly helpful for distinguishing EC from healthy and benign disease, the major advantage being its higher specificity.
Despite these encouraging results, all studies concluded that the available information is still insufficient for estimating the real value of HE4 in clinical practice.
Unlike some other investigations, 29, 30 we failed to find a statistically significant correlation between HE4 level and FIGO stage in our study. This finding is in agreement with two other published studies, both reporting that this biomarker may be useful for predicting the degree of myometrial involvement in EC. 31, 32 These conflicting results could be attributed to the different study populations. In particular, only 15.5% of our patients were diagnosed at advanced stage. The discrepancy may also be attributable to other variables which may influence HE4 concentration, such as renal function, hormonal levels, age, later menarche, or smoke. T A B L E 2 Serum levels of HE4 and DJ-1 in different cancer stages F I G U R E 1 DJ-1 (A) and HE4 (B) ROC curves performed on EC patients and healthy controls DJ-1 is over-expressed in many types of cancer tissues and is also actively released by cancer cells, so that it may be considered a potentially useful cancer biomarker. 17, 18, 35 Yuen et al. 36 showed that primary human malignant non-small cell lung carcinoma and esophageal squamous cell carcinoma tumor samples were both characterized by substantial DJ-1 overexpression at both mRNA and protein levels compared with normal adjacent control tissue, so emphasizing that over-expression DJ-1 is confined to tumor cells but increases with cell transformation.
Notably, DJ-1 acts as a key negative regulator of tumor suppressor PTEN, so promoting cell proliferation and cells transformation. 37 DJ-1 has been originally identified as potential tumor antigen in the circulation of breast cancer patients, 38 and in pancreatic juice of patients with pancreatic cancer, 39 so supporting the hypothesis of extracellular secretion of DJ-1.
In 2013 Shu et al. 20 first observed that DJ-1 expression in EC tissues was higher than in tumor-adjacent tissues and normal endometrial tissues. Shortly afterward, Morelli et al. 40 measured DJ-1 concentrations with Western Blotting in serum samples of 15 patients with EC and 20 healthy women, concluding that DJ-1 serum values were higher in EC patients than in healthy controls.
Taken together, the results of our study, which has been performed a larger population, are in accordance with these observations. Notably, our original even if preliminary findings also demonstrate for the first time that the diagnostic performance of DJ-1 is higher than that of HE4 in patients with EC, so paving the way for additional investigations about the clinical significance of this easily measurable cancer biomarker.
Nevertheless, additional studies will be needed to assess diagnostic thresholds, to confirm the role of DJ-1 in cancer and defining the clinical utility of this biomarker in diagnosing and monitoring EC.
